In recent decades, progress in the medical management of cancer has been significant, resulting in considerable extension of survival for patients with metastatic disease. This has, in turn, led to increased attention to the optimal surgical management of bone lesions, including metastases to the spine. In addition, there has been a shift in focus toward improving quality of life and reducing hospital stay for these patients, and many minimally invasive techniques have been introduced with the aim of reducing the morbidity associated with more traditional open approaches. The goal of this study was to assess the efficacy of long-segment percutaneous pedicle screw stabilization for the treatment of instability associated with thoracolumbar spine metastases in neurologically intact patients. METHODS This study was a retrospective review of data from a prospective database. The authors analyzed cases in which long-segment percutaneous pedicle screw fixation was performed for the palliative treatment of thoracolumbar spinal instability due to spinal metastases in neurologically intact patients. All of the patients included in the study underwent surgery between January 2014 and May 2015 at the authors' institution. Postoperative radiation therapy was planned within 10 days following the stabilization in all cases. Clinical and radiological follow-up assessments were planned for 3 days, 3 weeks, 6 weeks, 3 months, 6 months, and 1 year after surgery. Outcome was assessed by means of standard postoperative evaluation and oncological and spinal quality of life measures (European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Version 3.0 [EORTC QLQ-C30] and Oswestry Disability Index [ODI], respectively). Moreover, 5 patients were given an activity monitoring device for recording the distance walked daily; preoperative and postoperative daily distances were compared. RESULTS Data from 17 cases were analyzed. There were no complications, and patients showed improvement in pain level and quality of life from the early postoperative period on. The mean ODI score was 62.7 (range 40-84) preoperatively, 35.4 (range 24-59) on postoperative Day 3, and 46.1 (range 30-76) at 3 weeks, 37.6 (range 25-59) at 6 weeks, 34.0 (range 24-59) at 3 months, 39.1 (range 22-64) at 6 months, and 30.0 (range 20-55) at 1 year after screw placement. The mean ODI was significantly improved in the first 45 days (p < 0.001). Improvement was also evident in scores for functional and symptomatic scales of the EORTC QLQ-C30. All patients underwent postoperative radiation therapy within 10 days (mean 7.5). All patients (n = 5) with an activity monitoring device showed improvement in daily walking distance. CONCLUSIONS Less-invasive palliative treatment for advanced spinal metastases is promising as part of a multidisciplinary approach to the care of patients with metastatic disease. The results of this study indicate that percutaneous surgery may allow for rapid improvement in quality of life and walking ability for patients with thoracolumbar instability due to spine metastases. Long-segment percutaneous screw fixation followed by early radiation therapy appears to be a safe and effective treatment option for providing solid and durable stability and improved quality of life for these patients.
T he spine is a common site for secondary locations of cancers. 3 It is also the most common location of bone metastases, 24, 30 which constitute a key element in tumor evolution. The prognosis for patients with vertebral metastases is mainly linked to the occurrence of neurological complications, with risks of tetra-or paraplegia and decreasing function in the setting of an already limited life expectancy. However, spinal pain related to usually spontaneous pathological fractures of unstable vertebrae must also be addressed.
In recent decades, there has been important progress in the medical treatment of cancer (chemotherapy and radiotherapy). Improved treatment has resulted in a considerable increase in the duration of survival, which in turn has increased the importance of optimal surgical management of bone lesions, including spinal metastases. With more treatment options available, the management of these patients should be focused on improving their quality of life. 1 Currently, however, there is no consensus on the most effective treatment to improve quality of life in patients with unstable secondary lesions without clinical spinal cord compression.
Two types of surgical treatment may be considered for these patients: open spinal surgery and percutaneous spinal surgery. Conventional open surgery is normally not employed because it may result in a the delay in the implementation of radiotherapy 33 and because healing is delayed in this patient population. 7 Percutaneous spinal surgery (osteosynthesis, kyphoplasty, and vertebroplasty) has undergone steady development for 10 years. 26, 54 It is associated with less morbidity than conventional open surgery for restoration of spinal stability. Preservation of the paraspinal musculature limits postoperative pain and hospital stay, and percutaneous spinal surgery does not require a delay in radiotherapy. 43, 45, 47, 53, 64 To our knowledge there is no study underway evaluating the quality of life of patients with surgically treated spinal instability due to metastases to the spine, whereas quality of life should be at the heart of management in these cases. The primary objective of this study was to evaluate the efficacy of long-segment percutaneous osteosynthesis with respect to quality of life for patients with spinal instability due to metastatic disease and to better integrate surgery in a multidisciplinary therapeutic strategy. The secondary objectives were to evaluate the effects of percutaneous surgery and conventional open surgery with respect to pain, complications, time lapse between surgery and radiotherapy for pain, and spinal instability due to dorsolumbar metastases without clinical spinal cord compression. In addition, we evaluated patients' daily walking distance with a Withings Pulse Ox activity monitor (Withings), used as a new measuring tool to assess the patient's daily quality of life.
Methods
This study was a retrospective review based on a prospective database. All patients included in the study underwent surgery for metastatic spinal disease (MSD) at our institution between January 2014 and May 2015. Participants gave their informed consent for use of their data in one or more studies based on this database prior to their inclusion in this study, but their treatment and follow-up otherwise did not vary from the regular treatment provided by our center.
Data Collection
The following preoperative data were collected: demographic details, primary tumor, Spinal Instability Neoplastic Score (SINS), 22 Kostuik score, 37 visual analog scale (VAS) score for pain, 2 and quality of life assessments with the European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Version 3.0 (EORTC QLQ-C30) and the Oswestry Disability Index (ODI). 17 Radiological investigations, such as MRI, CT, and/or bone scans, provided data on pathological fracture. Intraoperative details recorded were operating time and amount of blood loss. Postoperative data collected were VAS scores, ambulatory status, EORTC QLQ-C30 scores, ODI scores, and length of hospital stay. The time to initiation of radiotherapy or chemotherapy and complications such as wound infection were also recorded.
Five patients who were allowed to walk preoperatively and had an SINS between 7 and 12 were given a Withings Pulse Ox activity monitor ( Fig. 1 ) to assess walking distance (equipment provided by Withings). This device, which may be worn like a watch, can be connected to an Apple or Android smartphone and used to measure distance walked. It has recently been validated for medical research in free-living conditions. 20 Results are integrated in secondary objectives, as an innovative connected approach to continuous assessment of the patient's quality of life.
Inclusion Criteria
We included patients who had MSD and met all of the following criteria: age > 18 years, no previous spinal surgery, and no clinical or radiological evidence of infection. In all cases, the indication for surgery was spinal instability (including potential instability) evaluated using the SINS classification, 63 without clinical cord compression, and with the presence of pathological fracture and intractable pain not responding to conservative oncological treatment. The pain related to the fractured vertebra had to be a prominent symptom. Patients with an SINS > 12 had frankly unstable spines and were unable to walk. For patients with an SINS between 7 and 12 (potentially unstable spine), the Kostuik score of the most osteolytic vertebra was also considered. Patients with an SINS between 7 and 12 and a Kostuik score > 2 were able to walk preoperatively. Patients younger than 18 years; those with primary bone tumors, cervical metastasis, or clinical spinal cord compression; and patients with contraindications to medical or surgical stabilization (blood platelet count ≥ 50,000/ mm 3 , untreated local infection, respiratory insufficiency, obesity with a body mass index [BMI] > 35 kg/m 2 ) were excluded from the study.
percutaneous spinal fixation using Medtronic Longitude instrumentation
Briefly, percutaneous pedicle screws were inserted 2 vertebrae above and 2 below. A true anteroposterior fluoroscopic view of the vertebrae was obtained. A trocar was engaged to the pedicle entry point and advanced into the pedicle until the tip of the trocar touched the medial pedicle wall on the anteroposterior view. Once this was achieved, a lateral image was obtained. On the lateral view, the tip of the trocar had to reach the posterior wall of the vertebral body to make sure that the trocar did not breach the medial pedicle wall. The trocar was then advanced to the middle of the vertebral body. A guidewire was then inserted and the trocar removed. Pedicle screws were inserted following guidewires, and the wires were removed once the screws were in position as guided by the lateral image. The same steps were repeated for the rest of the predetermined instrumented vertebra. At the end of the procedure, the rods were contoured and inserted. Nuts were then inserted and final tightening of the whole construct was performed followed by closure of the deep fascia and skin.
Subsequently, patients were offered optimal medical therapy, including chemotherapy and radiotherapy, in a multidisciplinary management approach. They were referred to an oncologist and radiotherapist for treatment of the primary tumor as well as for vertebral radiotherapy, according to treatment guidelines their primary cancer. All patients were followed up for a minimum period of 4 months from the time of surgery until the end of the study period.
Statistical Analysis
All statistical analyses were performed using commercially available SPSS software, version 17.0 (SPSS Inc.). Statistical analysis was carried out using independent ttest or chi-square test with statistical significance set at p < 0.05.
Results

Demographic Characteristics
During the 1-year study period, a total of 17 patients who underwent spinal surgery using posterior percutaneous spinal fixation for MSD met the criteria for inclusion in this study. Their baseline clinical characteristics and the preoperative details of their cases are summarized in Tables 1 and 2 . Five of the patients had breast cancer, 5 had lung cancer, 3 had prostate cancer, 3 had colon cancer, and 1 had kidney cancer. There were 9 deaths during the study period. The average number of vertebral levels with pathological fractures was 2.6 ± 1.6 per patient. No patient required decompression surgery in addition to percutaneous long-segment fixation. The average operation time was 1 hour (range 0.5-1.5 hours). The average blood loss was less than 0.2 L. The average number of instrumented vertebrae was 5. The average number of screws inserted per patient was 8. No patient had significant anterior column deficiency requiring anterior column augmentation. The overall median survival was 11.0 months (range 4-16 months). All patients were alive 3 months after surgery, and 8 patients (47%) were still alive at the end of the study period (May 2015).
Adjuvant Treatment and Complications
Radiotherapy was started within 10 days of surgery. The total dose was 30 Gy, administered in 10 fractions. Treatments were delivered to a port that encompassed 1 vertebral body above and below the visible lesion. All patients received the complete radiotherapy course. The mean length of time from the index surgery to the initiation of radiotherapy was 7.5 days (range 5-10 days).
There were no perioperative complications, wound dehiscence, pulmonary complications, or screw-related injuries noted in this study. All patients were neurologically intact at follow-up. However, 2 patients had recurrences at a different site from the index level, requiring a second session of external beam radiotherapy (8 Gy in a single fraction, in each case).
Pain and Functional Outcomes
All patients suffered from moderate to severe pain preoperatively (mean 7.2 on a 10-point VAS). Within 1 week of the operative procedure, significant pain relief was reported by all patients (Table 1, Fig. 2 ). The mean preoperative VAS spinal pain score was 7.4 (range 6-10); the mean VAS pain scores obtained 3 days, 3 weeks, 6 weeks, 3 months, 6 months, and 1 year after surgery were 2.5 (range 0-5), 2.4 (range 0-3), 2.4 (range 1-3), 2.2 (range 0-4), 2.5 (range 1-4), and 2.4 (range 0-4), respectively. Compared with the preoperative value, there was a significant reduction in mean pain score at 3 days, 3 weeks, 6 weeks, and 3 months after surgery (p < 0.05 for all comparisons).
The mean preoperative ODI score was 62. (range 20-55), respectively. ODI significantly improved during the 45 days immediately after surgery (p < 0.001) (Fig. 2C) .
Concerning EORTC QLQ-C30 (Tables 3 and 4) , postoperative evaluation showed improvement on the scales assessing the following functional areas: physical functioning (change from preoperative value to Day 45 value 14.7 ± 11.1), role functioning (37.1 ± 26.5), emotional func- , and constipation (-2.8 ± 9.6) were also improved. All patients were able to walk on postoperative Day 1. None of the patients were bedridden after the surgery. Regarding the 5 patients allowed to walk preoperatively, whose daily walking was measured with the activity monitor, all showed improvement in their daily walking distance after surgery ( Table 5 ). The differences between the preoperative values for distance walked daily and the values for postoperative Day 21 (mean difference +812.5 m), Day 45 (+932.5 m), and Day 90 (+962.5 m) were all statistically significant (p < 0.05).
As shown in Table 6 , correlations between Day 45 pain and Day 21 spinal pain (r = 0.01 and 0.03, respectively) and daily walking distance were statistically significant (p < 0.05). A correlation between the Day 45 daily walk perimeter and the following scales was found but was not statistically significant: the functional scales for physical functioning (r = 0.82) and role functioning (r = 0.14) and the symptomatic scales for fatigue (r = 0.39) and pain perception (r = 0.70).
Discussion
The incidence of skeletal metastases is as high as 70% in autopsies of cancer patients, and the spine is the most common site of bony metastases. 11, 30 Most patients with spinal metastases present with spinal instability and back pain due to pathological fracture(s). 28, 31 Approximately 5% to 10% of these patients present with spinal cord compression resulting in neurological deficit. 34, 52 Both instabilityrelated pain and neurological deficit can significantly affect quality of life. 59 Patients are likely to be bedbound because of intractable pain and neurological deficits. Immobilization in bed can lead to complications, including orthostatic pneumonia, pressure sores, urinary tract infection, thromboembolism, and joint contractures.
14, 15 The treatment of spinal metastases is usually palliative, aiming to provide pain relief, maintenance or recovery of neurological function, local durable tumor control, spinal stability, and improved quality of life, 7, 35 although in rare cases, patients who present with isolated spinal metastases at an early stage may be treated with radical resection. The treatment for patients with spinal instability due to metastatic disease often involves nonoperative palliative care due to the serious prognosis associated with their condition. Decisions regarding surgical treatment in such cases are generally based on 3 main factors: surgical indication, surgical risk, and life expectancy. The goal of surgery in these cases is unique: improving the patients' quality of life promptly.
Surgical Indications and Complications
The indications for surgery are the presence of spinal instability with and without neurological deficit.
5,61 However, the benefits of the surgery should outweigh the surgical risks when deciding on surgical intervention in this group of patients. Mechanical instability represents an independent indication for stabilization. Radiation, although effective for local tumor control, has no impact on spinal stability, 38, 63 and mechanical instability serves as an indication for spinal immobilization regardless of oncological assessment. The Spinal Oncology Study Group has defined spinal instability as the "loss of spinal integrity as a result of a neoplastic process that is associated with movementrelated pain, symptomatic or progressive deformity, and/or neural compromise under physiologic loads." 22, 23 The assessment of spinal instability is dependent on both clinical and radiographic criteria. All patients with clear manifestations of thoracic or lumbar mechanical instability require stabilization because mechanical pain does not improve with steroid therapy and radiation does not restore spinal stability. 21, 33, 41 Stabilization is usually treated by an orthopedic treatment (brace) or surgery (open surgery, percutaneous osteosynthesis, kyphoplasty, or vertebroplasty).
4,12,13
Depending on the degree of instability and tumor infiltration, instrumented stabilization or vertebroplasty can be performed.
Brace
External stabilization with orthoses is used in selected cases when surgery is not an option or has been scheduled for a later date. 21 Many kinds of orthoses have been developed to provide the best possible biomechanical stability at different spinal levels. Most data derive from spine injury series. To our knowledge, no systematic reviews exist regarding the outcomes of orthoses in pathological fractures. But our single-center experience shows that the use of orthoses is associated with a lot of skin complications as well as psychological deterioration and lack of satisfactory pain relief.
Vertebroplasty/Kyphoplasty
Vertebroplasty was first described in 1987 by Galibert et al. 25 in the treatment of vertebral angiomas. Later, indications for the use of this method were extended to osteoporotic fractures and vertebral body metastases. The aim is to inject a radiopaque polymethylmethacrylate (PMMA) cement in the vertebral body through a trocar. But there are contraindications: spinal cord compression, invasion of the vertebral body's posterior wall, vertebral collapse > 75%, or recent fracture that increases the risk of cement leakage. Cement leakage is the principal complication of vertebroplasty and kyphoplasty. There are also mechanical complications: spinal cord or radicular compression and pulmonary embolism.
Kyphoplasty offers the additional advantage of realigning the spinal column and restoring height of fractured vertebrae, which may help to decrease the risks of cement leakage. The principle is the same: PMMA injection in the vertebral body after restoring height with balloons of 10, 15, or 20 ml (functions of the height and level to be treated). The aim is to create a cavity to inject thicker cement, decreasing cement's leakage risk. The balloon also allows treatment of collapsed vertebrae. The only absolute contraindication is spinal cord compression. Posterior wall invasion is a relative contraindication, because the risk of cement leakage is limited. In a meta-analysis, Papanastassiou et al. 48 observed a 41% rate of cement leakage for patients treated with vertebroplasty versus 18% for those treated with kyphoplasty. In some cases, kyphoplasty and vertebroplasty could be associated with percutaneous osteosynthesis to reach 2 aims: spinal stability and reduction. Gross instability is related to tumor infiltration and fracture of posterior elements that include the pedicle and the joint and may require additional fixation to restore adequate vertebral column support and to prevent foraminal collapse with axial loading. Indeed, as in traumatology, we should not underestimate instability that is insufficiently treated by kypho-/vertebroplasty alone. Kyphoplasty or vertebroplasty provide fairly durable and consistent pain relief for patients with tumors that infiltrate only the vertebral body, without significant involvement of the posterior elements and an epidural tumor burden. If the tumor infiltrates the posterior elements or significantly extends into the spinal canal, an instrumented stabilization is generally required to restore stability and provide adequate pain relief.
Percutaneous Fixation
Historically, percutaneous osteosynthesis was offered in combination with an anterior approach for the treatment of spinal degenerative diseases. 39 Currently employed in traumatology, this method is the first-intention treatment of neurologically intact or polytrauma patients with spinal fracture. 29, 61 Ancillary reduction allows distraction, i.e., lordosis, to achieve the same goal as open surgery. 40 Moreover, adequate screw positioning and kyphosis reduction can be achieved easily through direct fluoroscopic exploration. In the series of Vanek et al., 60 screw position was too medial in only 2.8% of screws placed percutanously compared with a rate of 7.4% of screws placed in open surgery.
In older patients with osteoporosis and multiple bone lesions, the principal biomechanical risk is the failure of surgical instrumentation. Many cancer patients have significant osteoporotic bone and poor bone quality. In biomechanical and clinical studies, cement augmentation of pedicle screws-using a variety of techniques, screw types, and cements-has been shown to provide increased screw fixation and strength. Burval et al. 6 showed increased pedicle screw pullout loads in osteoporotic human cadavers with transpedicular PMMA augmentation. Choma et al. 9 used cement augmentation in a biomechanical model designed to simulate pullout, transverse, and moment load.
In the last few decades, efforts have been made to improve the clinical outcome of operations, essentially by minimizing the invasive nature of the open approach and by reducing the segments of motion involved in the fusion area. However, a high failure rate has also been reported with short-segment constructs. According to Moussazadeh et al., 44 short-segment percutaneous pedicle screw fixation with vertebral body cement augmentation can provide the required stabilization of the anterior and posterior spinal elements.
Our decision to carry out a long stabilization in the patients presented here, instead of a short implant, was influenced by multiple considerations. In view of the poor clinical condition of these patients and the poor prognosis, one of the most important considerations is to avoid any type of additional conservative treatment or bed rest, especially in cases with involvement of multiple vertebrae. Any kind of orthosis caused the worsening of patient's postural problems and walking ability. Several factors are regarded as being potential causes for short-implant failure; the most important factor seems to be inadequate anterior column support. Therefore, in cases of real or impending anterior column deficiency, such as severe tumor involvement of the vertebral body, a short construct could prove to be an almost certain failure. The real issue when approaching an unstable or potentially unstable vertebral lesion seems to be how best to support the spine by avoiding either extremely demanding or invasive procedures or too simple constructs, which could increase the risk of implant failure. There are currently no published guidelines for the proper selection of patients suitable for their use.
With regard to the segments of motion being compromised, the problem specifically affects the lumbar spine area. In fact, the proximal lengthening of the fixation to the thoracic tract is not very relevant biomechanically, because the thoracic segments are barely mobile; therefore, a longer fixation does not significantly influence the overall movement of the spine. Quite a different matter, from a biomechanical perspective, is the distal length of the implant to a lower lumbar motion segment. If we compare the short and long constructs, the real difference between the 2 systems, in terms of global movement of the spine, is the loss of only 1 more distal segment of motion, which is suppressed in the long stabilization. In our cases, there are obvious losses of a certain degree of lumbar spine motion, although the patients who were treated with long implants did not refer to symptoms pertaining to spinal stiffness. We think that, in these particular patients, it could be more reasonable to choose to lose 1 or more segments of motion.
Considering the limited life expectancy of most patients with spinal metastases, the main goal is to improve quality of life by stabilizing the spine, whether it is with long-segment fixation or short-segment fixation with cement augmentation.
Open Surgery
Concerning open surgery, previous reports from the literature 28, 32, 57 showed improvement of functional status in terms of both pain management and Frankel grade. In a study by Chong et al., 10 the mean postoperative VAS score for pain improvement was 3.2, and 20 (64%) of the 63 patients with a preoperative Frankel grade lower than E reported improvement of 3 or more points. In that study, 32% of these patients showed improvement of at least 1 grade on the Frankel scale, 76 (93%) of the 82 patients who had ambulatory function preoperatively were able to maintain it after surgery, and 10 (43%) of the 23 patients who were nonambulatory preoperatively regained ambulatory function postoperatively.
However, in addition to having positive outcomes, open surgery in patients with spinal metastases is associated with a higher complication rate. 49, 55 Patients often are in poor general condition as a consequence of their primary disease process as well as the adverse effects of chemotherapy and radiotherapy. The postoperative wound infection rate can be up to 12% for this group of patients. 27 In patients who undergo radiotherapy prior to surgery, the risk of dehiscence and wound infection is as high as 32%. 27 Minimally invasive surgery can reduce the infection rate because it reduces the physiological insult, decreases the recovery time, and minimizes the morbidity associated with a more conventional open approach. O'Toole et al. 46 concluded in their study that minimally invasive spinal surgery may reduce postoperative wound infections by 10-fold compared with open surgery. In our study, there was no wound breakdown or infection in any patient.
Fusion systems have evolved and now offer a variety of treatment options to be used by health care professionals. However, the patient with cancer often has limited reserves, so a major consideration in the choice of therapy is to avoid complications. Therefore, careful patient selection and an overall multidisciplinary approach to the mastery of surgical techniques are both required. Increasing patient survival and improving quality of life are the ultimate goals of treatment. However, a need for palliative therapy still exists in the majority of oncological surgery cases.
Life Expectancy
Life expectancy, which depends on the nature of the primary tumor, the extent of the metastasis, and the patients' general condition, 59 plays a major role in decisions regarding the surgical treatment of spinal instability associated with metastatic disease. Most surgeons recommend that surgery should be offered when life expectancy exceeds 3 months. 5, 55, 58 Tokuhashi et al. 58 suggested that surgery should be reserved for patients with expected survival of more than 6 months. These limits are suggested mainly because open procedures are associated with significant morbidity and risk of mortality in patients with advanced spinal metastasis. However, in the absence of any surgical intervention, these patients may suffer from intractable instability pain and poor quality of life. They will be more likely to be bedridden and to develop several complications as a result of immobilization in bed due to severe instability pain. In the current study, all patients received treatment regardless of their life expectancy, and based on our experience with these patients, we would like to see spinal percutaneous stabilization integrated as an additional path of palliative care for patients with advanced metastatic disease.
Pain and Functional Outcomes
Long-segment percutaneous fixation resulted in significant reduction of pain in our study, as demonstrated by the reduction in the mean VAS score for pain (from 7.4 preoperatively to 2.5 on postoperative Day 45, p < 0.05). Despite having less than 6 months of life expectancy, these patients could sit up and had better ambulation after stabilization of their pathological fractures. On average, patients were able to walk 1 day after surgery in this study. This rapid recovery from surgery is attributed to the minimal muscle disruption in percutaneous surgery. 19, 35 Even a short duration of survival with preservation of the ability to ambulate is very meaningful for these dying patients.
To our knowledge no previous studies have been performed with prospectively collected data to assess the initial quality of life in patients with MSD treated exclusively with percutaneous spinal surgery. Our study demonstrates that spinal surgery improves quality of life for selected patients with metastatic disease of the spine. Quality of life after surgery, assessed by the EORTC QLQ-C30 and ODI patient-reported outcome measures and VAS pain score, improved rapidly and these improvements were sustained for up to 1 year in those patients who survived. All patients maintained the ability to walk, and further spinal surgery for disease progression was uncommon (0% in our series compared with 3.7% in the study by Choi et al. 8 ).
The study by Rades et al. 51 was a large cohort study, but it was retrospective and did not assess patients' quality of life. The authors demonstrated that the ability to walk after radiotherapy was associated with primary tumor type, pretreatment duration of symptoms, presence of visceral metastases, motor function, and ECOG (Eastern Cooperative Oncology Group) functional status.
Quality of Life in Free-Living Conditions
The new wave of consumer-level activity monitors offers exciting possibilities for individuals, clinicians, and researchers. Although the activity monitor that we used is not specifically designed for clinical use, its low cost (around $100 [US]) and its ability to assess data continuously (24 hours a day) in the patient's home are very interesting. Moreover Ferguson et al. 20 have shown that the Withings Pulse consumer-level activity monitor is highly accurate for the measurement of steps in free-living conditions. Clinical surveillance at home with a connective approach may be useful with respect to limiting psychological deterioration and expensive hospitalization as well as improving liaisons between patients and the hospital.
Many quality-of-life assessments have been reported for spinal tumor and cancer patients. 14, 16, 36, 41, 56 Rades and colleagues 51 considered the ability to walk the most important outcome measure and suggested a management algorithm based on the likelihood of walking after treatment, discouraging active intervention in patients who were unlikely to walk again. Indeed, the daily walking distance may be a good parameter for ongoing measurement of a patient's quality of life because it can be easily assessed with a connected activity monitor, allowing an evaluation of the patient's physical activity at home. The more the patient walks, the better his or her quality of life, especially for spinal tumor patients. It is important to assess the impact of surgery while considering the patient as a whole and being aware that these are patients for whom spinal disease is only one of several factors that may affect quality of life. In the past, survival, pain, and complication rates were the key parameters by which surgery for spinal metastases was judged by surgeons and physicians, and there were scant data on patients' reported oncological and spinal outcome measures for surgery of spinal metastases. Falicov et al. 18 reported on a series of 85 patients who had improvements in pain and EORTC QLQ-C30 questionnaire results at 1 year after surgery. Quan et al. 50 reported on 118 patients with improved QLQ-C30 scores at 1-year follow-up, and Wu et al. 65 described 46 surgical patients with improvements in the Functional Assessment of Cancer Therapy questionnaire at 9 months after surgery. The present study represents the first published assessment of early postoperative quality of life after long-segment spinal fixation in patients with spinal metastases.
There were a few limitations in this study. The primary tumors in these 17 patients with spinal metastases were heterogeneous. Different primary tumors have different biological behavior and prognoses. Moreover, the number of patients included is small. However our results indicate that percutaneous surgery is effective and safe for the palliative management of spinal instability due to metastatic disease. This treatment option allows quality of life and pain relief to be improved and could be included in the NOMS (neurologic, oncologic, mechanical, and systemic) framework. 38 Our results demonstrate that percutaneous spinal stabilization can improve quality of life in MSD patients during the first postoperative month, a finding that should ultimately guide surgical decision making. Pain reduction and an appropriate amount of ambulation with a low rate of complications following surgery are important because achieving these goals is likely to motivate patients to continue with adjuvant therapy.
Conclusions
Less-invasive palliative treatment based on a multidisciplinary approach holds promise for patients with advanced spinal metastases. Treatment was divided into percutaneous long-segment pedicle-screw stabilization for instability and tumor control with radiotherapy/chemotherapy. This strategy provided rapidly improved functional outcome with a low risk of complications. Use of a multidisciplinary approach can improve quality of life for fragile patients with spinal metastases. Percutaneous surgery is a good choice in the palliative management of spinal instability due to metastasis, being highly efficient and technically not challenging. Although the results of this study suggest that percutaneous surgery may play an important role in quickly improving quality of life and daily walking distance for patients with unstable spine metastasis, additional evidence is needed in the form of a larger prospective randomized cohort study of patients undergoing surgery for spinal metastases.
